cells expressing the clone, and the full-length coding sequence was obtained from the identified clone and amplified by PCR amplification as described previously (8) . The plasmid for NgR1
cloned from the cDNA library was confirmed to include a full-length open reading frame of mouse NgR1. A portion of Nogo-A encoding the 66-residue lumen/extracellular fragment of Nogo-A was amplified by PCR and ligated into the pcDNA3.1AP6.str vector between the EcoRI and Xba1 sites to produce an AP-fused mouse Nogo66 (AP-Nogo66). Purified peptides of rat Nogo66-Fc (R&D Systems) were commercially obtained.
Antibodies:
Monoclonal hamster antibodies against LOTUS (H24G11-MAB) were produced as follows. Armenian hamsters were immunized with homogenates from LOT and its surrounding areas dissected from E14 mouse embryonic brain, and the MABs were generated from hamster hybridoma cultures by conventional methods (8) . Affinity-purified polyclonal rabbit antibodies against LOTUS were obtained from Medical and Biological Laboratories Co. Monoclonal hamster antibodies against Nogo-A (NG1-MAB) (21) and polyclonal rabbit antibodies against Nrp1 were produced as described previously (10) . 
Primary cultures
Whole-forebrain organotypic culture: The method of organotypic culture was basically performed as described previously (10, 11, 21) . Briefly, the telencephalon hemisphere with OB was excised from E12 mouse embryos and freed from the pia mater in Hank's balanced salt solution (Invitrogen). The samples were placed ventricular side down on poly-D-lysine (100 µg ml !1 , Sigma) coated membrane filter insert (Greiner Bio-one) and cultured in phenol red and antioxidant-free Neuro-Basal medium (Invitrogen) containing 0.5 mM L-glutamate and 2% B27 supplement (Invitrogen) at 37°C with 5% CO 2 for 24 h. NEP1-40 (1 µM) was added to the culture medium for 24 h as the blocking agent of the endogenously expressed Nogo66 binding to NgR1 (25) .
Primary explant culture of OB neuron:
A primary explant culture of OB from E13 mouse embryos was performed in similar culture conditions as those of the whole-brain organotypic culture. The explants were cultured in Neuro-Basal medium (Invitrogen) containing 0.5 mM glutamate and 2% B27 supplement (Invitrogen) for 3 days on poly-L-lysine (100 µg ml !1 , Wako) coated dishes.
Chick DRG explant culture: Dissected chick E13 DRGs were directly plated onto poly-L-lysine (100 µg ml !1 , Wako) and laminin (10 µg ml !1 , Invitrogen) coated glass bottom dishes (Iwaki) with Ham's F-12 medium (Wako) containing 10 % fetal bovine serum (Biowest), nerve growth factor (10 ng ml !1 , Wako), 0.6% glucose, 2 mM glutamine, and 10% fetal bovine serum (Invitrogen). The explants were cultured at 37°C for 24 h, by which time most neurons had produced neurites.
FALI-based functional screening
To perform proteomic and functional screening in the developing brain, we designed a simple FALI-based molecular targeting method by modifying and improving the original FALI technique ( fig. 1S ) (6, 7) . The FALI technique is an applied method of chromophore-assisted light inactivation (26) . Armenian hamsters were immunized with homogenates from LOT and its surrounding areas dissected from E14 mouse embryonic brain, and the MABs were generated from hamster hybridoma cultures by conventional methods (8) . The MABs recognizing membrane surface proteins were selected by immunohistochemistry and chemically labeled with FITC dye as described previously (6, 7) . Organotypic culture for embryonic mouse telencephalon was performed as described previously (9) (10) (11) . The organotypic culture was incubated with FITC-labeled MAB (30 µg ml -1 ) at the beginning of the culture and illuminated for 24 h with weak blue-filtered light of 490-nm wavelength (about 2000 lux) in an incubator with 5% CO 2 at 37°C. The LOT was immunohistochemically visualized by anti-Nrp1 antibody according to the method described in previous reports (9) (10) (11) , and LOT morphology was analyzed using Image-J software. Antigens recognized by the FITC-labeled antibody used for the FALI experiment were identified by a method of expressing and screening of cDNA clones from the OB as described previously (8) .
In situ hybridization
Paraffin-embedded blocks and sections of mouse embryo for in situ hybridization were obtained from Genostaff Co., Ltd. The E15.5 mouse embryos were dissected, fixed with tissue fixative 
Immunostaining
Whole-mount forebrain: Immunohistochemistry using anti-LOTUS, anti-NgR1, and anti-NgA antibodies in whole-mount E13 mouse forebrain was preformed as described previously (10, 11, 21) . Briefly, telencephalons and cultures were fixed with 4% PFA (Sigma) in PBS for 2 h at RT and additionally fixed for 1 h at 67°C to inactivate endogenous AP, and then incubated in 5%
skim milk in TBS-T for 1 h to block nonspecific binding of antibodies. The specimens were incubated with anti-Nrp1 (1:10,000 dilution, or 2 µg ml !1 ), anti-LOTUS (H24G11-MAB, 1 µg ml !1 ), or anti-NgR1 (R&D Systems, 1 µg ml !1 ) antibodies, and then incubated with biotinylated secondary antibodies for 2 h at RT followed by incubation with Vectastain ABC-AP solution (Vector Labs, 1:5000 dilution) for 2 h at RT. After rinsing with TBS-T, immunodeposits of AP activity were detected by color reaction with NBT/BCIP. In case of immunostaining of NgA, the fixed specimens were incubated with 3% H 2 O 2 for 20 min to inactivate endogenous peroxidase and then incubated in the same blocking buffer. Then, the specimens were probed by anti-NgA antibody (NG1-MAB) dissolved in 1% skim milk in TBS-T (1:10 dilution of supernatant) and then incubated with biotinylated secondary antibodies for 2 h at RT followed by incubation with Vectastain ABC-HRP solution (Vector Labs, 1:300 dilution) for 2 h at RT. Immunodeposits were detected by color reaction of HRP using diaminobenzidine (Roche). The cultured specimens were observed using a Leica microscope (MZ-12, Leica) and digital images were obtained with a CCD camera (Olympus DP70, Olympus). In all cases, matched control immunostaining was carried out with non-immune IgG and without primary antibody.
Sections of mouse brain: Embryonic mice were deeply anesthetized with isoflurane (Sumitomo Pharmaceuticals) and perfused with saline solution, followed by 4% PFA in PBS, and immersed in PBS containing 20% sucrose until the samples sank at 4°C. The heads were then embedded in OCT compound (Sakura) and frozen in ethanol with dry ice. Serial frontal sections were cut at 15
µm in thickness with a cryostat microtome (CM1850, Leica) and mounted onto glass slides (Matsunami). Immunohistochemistry was performed as described above.
Mouse and chick explant cultures:
Primary explant culture and immunocytochemistry of chick DRG neurons from E13 embryos were performed as described previously (27, 28) . The explants were fixed in warmed 4% PFA in culture medium at 37°C for 0.5 h. After rinsing with PBS, the explants were blocked with 1% bovine serum albumin (Sigma) in PBS containing 0.1% Triton X-100 for 1 h and probed with primary antibodies against LOTUS (MBL, 1:500 dilution), tagged 
DiI tracing
To label the LOT, small crystals of DiI (D3911, Invitrogen) were implanted into the center of the OB in E18 mouse embryo fixed with 4% paraformaldehyde in PBS. The telencephalons were incubated at 37°C for about 3 weeks. The specimens were observed using a Leica microscope (MZ-12, Leica) and a Keyence microscope (BZ-8100, Keyence), and digital images were obtained with a CCD camera (Olympus DP70, Olympus). The brain coronal sections were also cut by vibratome (DK2, Dosaka) at 100 µm and counterstained with bisbenzimide (300 µM in PBS, H33258, Sigma).
Immunoblotting and immunoprecipitation
Immunoblotting: For LOTUS detection, sample lysates were prepared from OB of E13 mouse 
AP-fused protein and its binding assay
Human placental AP-tagged fusion proteins were constructed by the standard PCR cloning technique as described previously for AP-Nogo66 (17, 29) and were generated by a conventional purification method with an affinity column. The binding of the AP-fused proteins was visualized with color reaction of nitro blue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate or detected quantitatively with p-nitrophenyl phosphate as described previously (29) . Binding assays of AP fusion protein (AP-LOTUS or AP-Nogo66) to neurons, whole-mount forebrains, and COS7 cells transfected with NgR1 and/or LOTUS expression plasmids were performed as described previously (30, 31) . Briefly, pCAGGS2-based NgR1 and/or LOTUS expression plasmids (0.1 µg) were transfected to COS7 cells using FuGene (Roche), and the cells were 
Myc-LOTUS overexpression in DRG neurons
Recombinant herpes simplex virus (HSV) was prepared as described previously (30, 31) . Briefly, the coding region of mouse LOTUS/Crtac1B was cloned and inserted into an amplicon plasmid, pHSV-PrpUC vector. This plasmid was transfected into the HSV packing cell line 2-2 cells with Lipofectamine-LTX (Invitrogen) and then superinfected with 5dl5 HSV helper virus after 1 day of incubation. The recombinant virus was amplified by two sequential rounds of infection and stored at !80°C. Myc-tagged fusion LOTUS (Myc-LOTUS) was constructed using a standard PCR cloning technique and transfected to cultured DRG neurons with herpes virus vector in accordance with a protocol described previously (32) . E13 chick DRG explants were cultured at 37°C for 24 h. Cultured E13 chick DRG explants were infected with the HSV-LOTUS/Crtac1B virus. After 1 day of incubation, the cultured DRG explants were exposed to 400 nM of rat Nogo66-Fc (R&D Systems) at 37°C for 30 min. After treatment, the explants were fixed with 4%
paraformaldehyde in PBS for 1 h, and F-actin was stained with Alexa488-conjugated phalloidin (Invitrogen). The percentage of neurons expressing Myc-LOTUS ranged from 60% to 70% in infected cultures. Expression of recombinant Myc-LOTUS was confirmed by immunocytochemistry using anti-Myc antibody (1:1000 dilution, Santa Cruz Biotech).
Growth cone collapse assay
Chick DRG explants from E13 embryos were cultured at 37°C for 24 h. The cells were exposed to 400 nM of purified Nogo66-Fc (R&D Systems) for 10 min at 37°C and following 10 min at RT. After the treatment, the explants were fixed with 4% PFA in PBS for 30 min and stained with Alexa488-conjugated Phalloidin (Invitrogen). Growth cone collapse assays were performed as described previously (33) . 
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